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Abstract
The growth in the size of the hedge funds industry has led some in-
vestors to worry about a decline in alphas, associated with reduced ar-
bitrage opportunities in international ﬁnancial markets. We introduce a
multivariate components model for returns and net relative inﬂows into
hedge funds, accounting for time-varying market premia. We estimate al-
pha as an unobserved component variable of the econometric model. We
then assess whether several categories of hedge funds do produce extra
proﬁts and whether the ﬂows of funds into the industry are dynamically
related to returns. Our results point to a positive correlation between
past returns and future ﬂows, while the evidence concerning the linkage
between past ﬂows and future returns is mixed. However, we do not ﬁnd
any structural decline in alpha for most hedge fund categories.
Key words: Hedge funds, performance, asset pricing models, unob-
served components models
JEL classiﬁcation: G2; G11; G15; C32
1I n t r o d u c t i o n
Hedge funds have become a mainstream investment. Although there is consid-
erable imprecision, it is estimated that there are about 6,000 hedge funds in the
world, corresponding to more than one trillion dollars of assets under manage-
ment at the end of 2005. The excess capacity hypothesis claims that there are
too many hedge fund managers chasing too few arbitrage opportunities in in-
ternational ﬁnancial markets and, as a consequence, lower returns for investors.
Some academic studies implicitly support this view. Agarwal and Naik (2000)
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1show that 28% of the funds considered in their sample has added value, with
their active management strategies, in the late nineties, down from 38% of the
early nineties. Similarly, Fung et al. (2005) report a general decline in the al-
phas produced by funds of hedge funds and by various styles of hedge funds be-
tween 1994-1998 and 2001-2004. Chan, Getmansky, Haas and Lo (2005) suggest
that “the hedge-fund industry has grown tremendously over the last few years,
fueled by the demand for higher returns in the face of stock-market declines
and mounting pension-fund liabilities. These massive fund inﬂows have had a
material impact on hedge-fund returns and risks in recent years, as evidenced
by...reduced performance...”.
Summary statistics also seem to conﬁrm the excess capacity hypothesis.
Yearly returns on the 9 categories of hedge funds monitored by Tremont (the
data set that we use in our empirical analyses) have often been below long run
average returns in the 2001-2005 period. A comparison of average returns over
the period 2001-2005 with returns over the full period 1993-2005 reveals that in
60% of the cases the former returns have been lower than the latter returns. If
the calculation is repeated excluding the year 2003 the percentage increases to
70%.
Mispricing should be almost nonexistent under ideal conditions. Dybvig
(1983) considers a multifactor model and ﬁnds that return mispricing is bounded
above by the variance of idiosyncratic noise, the supply of shares and by a
function of the coeﬃcient of absolute risk aversion. His “back-of-the-envelope”
computations suggest that mispricing should be basically irrelevant, amounting
to 0.04% on an annualized basis. A negative relation between assets under
management and returns is consistent with the idea of limited arbitrage.1 Hedge
funds may be regarded as informed investors in the Grossman-Stiglitz sense, but
their ability to arbitrage away risky opportunities may be constrained by various
elements like short run risk, limited capital and risk aversion. An increase
in the amount of assets under management by hedge funds might therefore
be associated with a decline in their gross returns. Such a decline would be
transmitted to the net returns perceived by investors if it were not oﬀset by a
decrease in the management fees. In the case of hedge funds, however, informal
evidence shows that fees have not declined over time. Hedge funds charge high
fees, often amounting to a ﬁxed fee of 2% plus an incentive fee of 20%. Such
fees have existed for a long time, i.e. they are not a transitory feature of the
industry. Perhaps they have increased over time, since Ackermann, McEnally
and Ravenscraft (1999) report a 1% annual management fee and an incentive
fee equal to 14% at the end of the 1990s.
In equilibrium however rational investors should decide their portfolio allo-
cation on the basis of the net returns. Petajisto (2005) allows for a layer of
ﬁnancial intermediaries, which specialize in acquiring information and exploit-
ing it for portfolio formation purposes. Final investors allocate wealth between
1See Shleifer and Vishny (1997).
2passive and active investors, taking into account the cost of acquiring informa-
tion. Active investors in turn select stocks exploiting mispricing. The total
amount of wealth actively chasing mispricing is therefore limited by the invest-
ment decision of the ﬁnal investors. Petajsto’s (2005) calibration shows that
a standard one factor model produces a negligible mispricing for prices and
returns, in line with Dybvig (1983). However, a more complex version of the
model, allowing for costs of information, produces substantial deviations. A key
parameter of his model is the fee charged by the institutional investor to man-
age assets: the larger the fee, the larger the equilibrium alphas on single stocks.
Indeed, in equilibrium a higher fee can be only justiﬁed by higher excess return.
A management fee equal to 1% produces an estimate of alpha between -1.6%
and +1.6%, a non negligible value. This suggests that excess capacity may be a
transitory phenomenon. High fees cannot be justiﬁed without a corresponding
value creation, whose bases may largely be found in securities mispricing.
Hence, is there a general decline in hedge funds’ alphas? In particular, have
the large inﬂows of assets into the hedge funds industry undermined the ability
of managers to overperform market indices? The question implies that alpha is
a time-varying parameter and not a constant. Therefore, the standard perfor-
mance evaluation model, which treats alpha as a constant, cannot be used to
answer the question. In this paper we propose a performance evaluation model
with a time varying intercept. In the model alpha is an unobserved variable,
proxied every period by the observed return. In the context of such a generalized
model, the question about the linkage between ﬂows and performance can be
properly answered, since the dynamics of alpha are an empirical phenomenon
which can be described by the econometric model. The estimated time series
of alphas can then be analyzed to assess the evidence in favor of trends, cycles
and other regularities.
However, the time series of alphas by itself cannot shed light on the impact of
the assets under management by the hedge funds industry. In order to study the
relevance of the inﬂows into the industry, we consider a bivariate model including
both returns, the proxy for alpha, and inﬂows into the hedge funds industry.
We use inﬂows and not cumulative assets under management, i.e. the total
net asset value, due to the diﬀerent time series properties of alphas and assets
under management. A simple plot of returns, a proxy for alphas, and assets
under management in the hedge funds industry reveals a formidable increase
in the latter but not in the former. In statistical terms, alpha is a stationary
variable while total assets under management are a nonstationary variable. On
the other hand, inﬂows (relative to past assets under management) is also a
stationary variable, which can be meaningfully related to returns. A dynamic
model incorporating both inﬂo w sa n dr e t u r n sa l l o w sf o rt h ee s t i m a t i o no ft h e
eﬀects of past alphas and inﬂows on current alphas and inﬂows, as well as the
assessment of the contemporaneous covariance between alphas and inﬂows. In
order to answer the particular question about the impact of inﬂows on alphas
we need to estimate the marginal impact of inﬂows on alphas, keeping other
variables constant. The two questions outlined at the beginning can, therefore,
3be reframed in the following ways. First, is there convincing evidence about
time variability of alphas? Second, do inﬂows contribute in a systematic way to
such time variability?
Empirically, one has to start from the observation that returns can be de-
composed into a component due to the manager’s skill, a component associated
with a risk premium of the underlying assets, and a shock. The relative impor-
tance of the three components may vary across categories of hedge funds. Di-
rectional categories, which are on average long some underlying market, require
estimation of a time-varying risk premium before measuring potential arbitrage
opportunities, while non-directional categories may not present any market risk
premium. We will measure the time-varying excess return in the context of an
econometric model allowing for unobserved variables and for standard risk fac-
tors considered in the literature. The model will retrieve an estimate of excess
returns under the mild assumption that it follows an autoregressive process,
by using the actual (risk-adjusted) rate of return as the measurement variable.
Importantly, our econometric techniques will not force us to separately estimate
the model over various sub-periods.
The plan of the paper is as follows. After this introduction, we describe
the econometric model and discuss its economic and statistical foundations.
We then present the data and the empirical results, which can be summarized
as follows. First, there is evidence of shock persistence in ﬂows and excess
returns, i.e. both processes are positively serially correlated. Second, ﬂows
tend to depend positively on lagged excess returns; the eﬀects of returns and
ﬂows shocks peak within two quarters and are in general reabsorbed within
ten quarters. In terms of forecast error variance decomposition, returns shocks
are the most important determinant of returns ﬂuctuations at all the horizons,
noticeably contributing to ﬂows ﬂuctuations at all the horizons as well. Finally,
and most importantly, we ﬁnd no evidence of a negative trend in the excess
returns produced by most styles, even though non-directional ﬂows tend to
have a negative eﬀect on subsequent alphas.
2 The model
The model describes the joint dynamics of relative (to assets under management
in the previous period) net ﬂows (ft) into a certain category of hedge funds and
of the returns (rt) obtained by the funds in that category. The state of the
system is described by two unobserved variables (α1t, α2t), i.e. the arbitrage
opportunity available to all the funds in the category and the relative net ﬂow
of funds into the category, respectively. Hence, the model can be written as two
linear measurement equations and two transition equations2:
2Our model is similar to the latent VAR used by Brandt and Kang (2004) to study the
relationship between the conditional mean and the volatility of stock returns, albeit in our
case the state space model is linear and Gaussian.
4rt = α1t + θ1 + γ0rF,t + ε1t (1)
ft = α2t + θ2 + ε2t (2)
αt = Tαt−1 + ut (3)
εt ∼ N(0,Σε) ut ∼ N(0,Σu). (4)
The ﬁrst equation decomposes the return to a speciﬁc category of hedge funds
into the sum of a component representing arbitrage opportunities perceived by
investors, but unobserved by the econometrician (α1t), a ﬁxed level component
(θ1), an i.i.d. Gaussian shock (ε1t) and the sensitivity (γ0) to a vector of returns
on factor mimicking portfolios, rF,t. Factor mimicking portfolios include both
buy-and-hold portfolios and portfolios simulating dynamic option strategies.3
The speciﬁcation employed allows for a contemporaneous relation between
returns and ﬂows shocks as well as for a lagged eﬀect of ﬂows on arbitrage
opportunities, if any. The sign of the relation between lagged ﬂows and current
arbitrage opportunities is uncertain.4 The capacity eﬀect hypothesis assumes
that the total amount of arbitrage opportunities is ﬁxed, so that increases in
ﬂows decrease future alphas. This is more likely to take place in situations where
assets under management by the hedge fund industry represent a large portion
of the total capitalization of the securities usually traded by the hedge fund
managers. However, ﬁnancial innovations and increasing trading opportunities
continuously expand total capitalization and trading opportunities. Therefore,
ﬂows may chase an expanding capacity.5 According to recent estimates6 hedge
funds active in equity markets represent just about 1.5% of market capitalization
and their role in ﬁxed income markets is even lower than that. In these cases,
therefore, there may not be a negative relation between inﬂows and future excess
returns; on the contrary, the relation may even turn out to be positive. Our
speciﬁcation does not assume a priori a sign for the relation. The speciﬁcation
may even be non-existent. We let the data clarify this phenomenon.
The second equation decomposes the relative net ﬂow into an unobserved
component (α2t) driving the systematic dynamics in ﬂows, a ﬁxed level com-
ponent (θ2), and an i.i.d. Gaussian shock (ε2t). We allow for an unobserved
component in ﬂows for several reasons. The ﬁrst is due to the presence of various
time lags between the moment an investor decides to enter or exit hedge funds
3It is well known that following option replication strategies may induce the researcher
to identify artiﬁcial market timing ability (Jagannathan and Korajczyk, 1986). Yet, the
hedge funds performance evaluation literature has long recognized the importance of including
option strategies among the regressors (Agarwal and Naik, 2000; Fung and Hsieh, 2004). Our
econometric model signiﬁcantly extends the standard model used in hedge funds performance
measurement as it allows for time variability of the intercept. The following section will
describe in detail the factor portfolios used for the various hedge fund categories.
4We thank one referee for pointing this issue to us.
5For instance, the dramatic growth in credit derivatives drew a lot of money into capital
structure arbitrage, but the hedge fund dollars were ﬂowing into a rapidly growing market —
indeed the dollars were chasing perceived opportunities aﬀorded by a new market. Similarly
with emerging markets, where evolving capacity attracted investment.
6See Watson Wyatt (2005).
5and the moment of the actual investment. Among the factors implying a diﬀer-
ence between actual and desired ﬂows are the time necessary for a due diligence
of the candidate hedge fund manager and the redemption lag which may last
up to 1 or 2 years. A second reason is due to uncertainty about the measure-
ment of the variable representing the capacity eﬀect. A plausible measurement
could be given by assets under management by hedge funds or by the ratio be-
tween assets under management and total capitalization. However, assets under
management cannot be meaningfully relat e dw i t hr e t u r n s .I no u rs a m p l ea s s e t s
under management are continuously increasing, i.e. they are a nonstationary
variable, while returns ﬂuctuate over time, i.e. they are stationary. Also, for
most categories it is unclear what should be taken as the denominator of the
ratio between assets under management and total capitalization. Our measure
based on relative ﬂows is therefore well suited to the analysis of returns. Al-
lowing for measurement errors in both variables, our approach is robust to the
possibility of imperfect measurement of total capacity.
The second equation also allows for a reaction of relative ﬂows to past re-
turns. There is much evidence for a relation between relative ﬂows and past
returns, both in the hedge funds and in the mutual funds literature. In the
mutual funds literature the performance of managers is hardly predictable on
the basis on past returns. However, individual net ﬂows are correlated with past
returns. Berk and Green (2004) show that these two elements are consistent
with each other when ﬁnal investors learn about managers abilities through past
returns and at the same time ﬂows negatively aﬀect future returns because of
decreasing returns to scale in the active management sector. Flows accrue to
mutual funds to the point where there are no diﬀerences in expected returns.7
In the case of hedge funds Agarwal, Daniel and Naik (2004) ﬁnd that inﬂows
chasing past returns may be described by a convex function, and that large
hedge funds with larger inﬂows are associated with worse future performance,
consistent with the hypothesis of decreasing returns to scale. Getmansky (2004)
ﬁnds that a 10% increase in current return is associated with a 2% increase in
inﬂows and that the relationship between current ﬂows and past returns is con-
cave, suggesting an optimal size to individual hedge funds. Getmansky (2004)
also ﬁnds that hedge funds ﬂows are inﬂuenced by the category they belong to,
and that investors in directional hedge funds are more sensitive to past returns.
7Interestingly, a linear relation between aggregate ﬂows and returns has also been found
for mutual funds. For instance, Warther (1995) has found that, over the period 1984-1993,
monthly stock returns are strongly correlated with concurrent unexpected ﬂows to stock mu-
tual funds, but not correlated with concurrent expected ﬂows. Moreover, no evidence that
aggregate fund ﬂows are positively related to past returns is found, as well as that investors
move money into funds in response to high returns (albeit such evidence has been found
by other studies conducted at the micro level of the individual fund). However, Edelen and
Warner (2001) have found a positive concurrent relation between returns and unexpected ﬂows
for the US, using daily data for the period February 2, 1998 through June 30, 1999. Evidence
that aggregate ﬂows follow market returns with a one-day lag has also been found, pointing
to a positive feedback trading or as a common response to new information.
6Moreover, Getmanski, Lo and Mei (2004) also ﬁnd that attrition rates in the
hedge funds industry are related to variables like past performance, volatility,
style. Hence, these results lead us to expect interesting relationships at the
aggregate level.
Finally, the third equation describes the state of the system. The non-
diagonal transition matrix T imposes a latent VAR(1) structure to the vector
αt =( α1t α2t)0, allowing the measurement of lagged linkages between ﬂows
and arbitrage opportunities. It also allows measurement of contemporaneous
linkages through the non diagonal structure of the variance-covariance matrices
of the Gaussian innovations εt where εt =( ε1t ε2t)0 8.
Estimation of the model can be carried out by means of the Kalman ﬁlter
applied to the following Gaussian state space representation (see Harvey, 1989):
yt = Ztγ∗
































































The key parameters in the model are contained in the transition matrix
T and the variance-covariance matrices Σε and Σu. Coherent with the above
discussion, we expect excess returns to be positively aﬀected by past excess
returns if arbitrage opportunities are persistent, i.e. θ3 > 0.M o r e o v e r w e
expect the impact of ﬂows on excess returns to be negative (θ4 < 0)i nt h ec a s e
that arbitrage opportunities fall as the amount of money invested in hedge funds
8The contemporaneous interrelation between ﬂows and returns can be evaluated as follows.
By projecting ε1t onto ε2t, i.e. ε1t = β1 ε2t+η1t with β1 = cov(ε1t,ε 2t)/var(ε2t), and noting
that from (2) ε2t = ft −α2t − ¯ f,we can write ε1t = β1 (ft −α2t − ¯ f )+η1t. By substituting
into equation (1), we get the reduced form for the return equation
rt = Etrt+1 + α1t +¯ r + β1(ft − α2t − ¯ f )+η1t. (5)
Similarly, the reduced form for the ﬂo w se q u a t i o nc a nb ew r i t t e na s
ft = α2t + ¯ f + β2(rt − Etrt+1 − α1t − ¯ r)+η2t. (6)
From the reduced form equations it can noted that if the error terms in the measurement
equations are correlated, i.e. cov(ε1t,ε 2t) 6=0 , ﬂows not only have a lagged impact on returns,
but also a contemporaneous impact, with sign determined by the sign of the covariance be-
tween the error terms. Similarly, returns may contemporaneously aﬀect ﬂows, with the sign
of the impact still depending on the sign of the covariance. In both cases, it is however the
size of the ratios β1 = cov(ε1t,ε 2t)/var(ε2t) and β2 = cov(ε1t,ε 2t)/var(ε1t) which allows to
determine whether such contemporaneous linkage is negligible or not.
7increases. We also expect ﬂows to be positively serially correlated (θ6 > 0), and
to positively react to past returns (θ5 > 0), i.e. ﬂows increasing with past
funds performance. Since we employ quarterly observations, we expect the
covariance component in the matrix Σε to be diﬀerent from zero. If arbitrage
opportunities do not disappear with the quarter, ﬂows and returns may be
positively correlated.
2.1 Risk premia speciﬁcation
In choosing the risk factors we have drawn from the available literature. The
premium of dedicated short bias (DSB) is the stock market risk premium. Fung
and Hsieh (2002) ﬁnd that it is possible to explain 76% of the variability of
CSFB/Tremont’s dedicated short bias by using the return of the Wilshire 1750
small cap index and the return of the IFC composite index. We use the returns
on the S&P500 index and on the MSCI Emerging Markets index. Following
Agarwal and Naik (2004), we also allow for the size and value factors of Fama
and French, and the momentum factor of Carhart. We augment this set of
factors by considering option based strategies on the S&P500. We select an
A T Mo p t i o na st h eo n ew i t has t r i k ep r i c ee q u a lt ot h ec u r r e n tv a l u eo ft h e
index, an OTM call (put) as the one with a strike which is 1% lower (higher)
than the current value of the index. At the beginning of each quarter we compute
the value of a 3-month option by using the Black and Scholes model. Volatility
is estimated by means of the realized volatility of the previous quarter, obtained
by daily data.9
Global macro (GM) hedge funds invest in a wide variety of asset classes
which in principle may present a time-varying premium. Agarwal and Naik
(2004) deﬁne such a strategy as one “....that seeks to capitalize on country, re-
gional and/or economic change aﬀecting securities, commodities, interest rates
and currency rates. Asset allocation can be aggressive, and leverage and deriva-
tives may be utilized. The method and degree of hedging can vary signiﬁcantly”.
Relying on empirical work of Harvey, Solnik and Zhou (2002), pointing to two
international risk factors, i.e. the return of the world stock market and the
return on a currency exposure, we therefore allow for the possibility of a time-
varying risk premium of a global nature. We use the returns on the S&P500
index, the MSCI Emerging Markets index, the Goldman Sachs Commodity In-
dex, the Citigroup index for bonds with maturity between 1 and 3 years, the
DM/US$ exchange rate. We augment the set of factors by including returns on
option strategies consisting of call and put options on the S&P500 index, the
Citigroup 1-3 years bond index and the DM/US$ exchange rate.
Long/short equity (LSE) should mainly use arbitrage techniques, but var-
ious studies suggest that on average they have a positive sensitivity to stock
markets. Fung and Hsieh (2002) ﬁnd that 72% of the variability of their returns
is explained by a style analysis in which the only signiﬁcant factor is the return
9See Andersen, Bollerslev, Diebold and Labys (2001).
8of the Wilshire 1650 Small Cap index. We use the returns on the S&P500 index
and options on the S&P500 index plus the size, momentum and value factors.
Equity market neutral hedge funds are treated as LS funds.
Managed futures (MF) are characterized by the presence of momentum tech-
niques and may therefore present a time-varying momentum premium if such a
premium exists. On the other hand, the category of trend followers analyzed by
Fung and Hsieh (2002) is systematically long volatility in currency, commodity
and bond markets. In this case we consider a large set of factors, corresponding
to that used in the analysis of global macro.
Event driven (ED) hedge funds are concerned with reacting to important
events which may drive stocks, usually at the company level. One important
event driven strategy is merger arbitrage (or risk arbitrage), where the investor
tries to proﬁt from the spread between the market prices of the acquiring com-
pany and the target company. If the merger is successful the investor proﬁts from
the trade, otherwise not. Mitchell and Pulvino (2001) show that this arbitrage
is correlated with the level of the stock market because the merger is more likely
to be successful in increasing markets. It follows that the return of event driven
funds may have a time-varying premium associated with the market premium
because the strategy involves elements of systematic put shortening. Fung and
Hsieh (2002) ﬁnd that there are several relevant factors like the stock market,
the CSFB high-yield bond index, and the IFC Composite index. Agarwal and
Naik (2004) ﬁnd mainly stock market factors, including the return on a put
strategy. We use the returns on the S&P500 index, the size, value momentum
factors, the MSCI Emerging Markets index, the rate of return on the Lehman
BAA bond index, call and put options on the S&P500 index.
Fixed-income arbitrage (FIA) funds seek to exploit pricing ineﬃciencies be-
tween related ﬁxed-income securities while neutralizing exposure to interest rate
risk. Fung and Hsieh (2002) have shown that two components describe the re-
turns of this strategy, the ﬁrst correlated to the spread between high-yield bonds
and treasury returns, the second to the spread between convertible bond returns
and treasury returns. We use high yield returns (from the Lehman high yield in-
dex), bond returns (Citigroup 1-3 years index), returns on call and put strategies
w r i t t e no nt h es a m eC i t i g r o u p1 - 3b o n di n d e x ,r e t u r n st oab u t t e r ﬂys t r a t e g y
consisting of a portfolio that is long a one-year and a ten-year bond and short
a three-year bond. The index from which the return of the butterﬂys t r a t e g yi s
computed are all from Citigroup World Government bond index for maturities
1-3 years, 3-5 years, 7-10 years. Litterman, Scheinkman and Weiss (1991) show
that this return is strongly associated with volatility of the yield curve.
In the case of convertible arbitrage (CA), the risk factors are the returns on
the S&P500, on call and put option strategies written on the S&P500 index,
the returns to the size and value factors, the returns on the Citigroup index of
government bonds and the returns on the Lehman high yield bond index.
Finally, for emerging markets (EM) the factors are the returns on the MSCI
Emerging Markets index and on the S&P500 index, plus returns on option
strategies written on the S&P500 index.
93 The data
The database we use has been assembled and kindly provided by Tremont
Capital Management. It contains quarterly net asset ﬂows into the follow-
ing categories of hedge funds: convertible arbitrage (CA), dedicated short bias
(DSB), emerging markets (EM), equity market neutral (EMN), event driven
(ED), ﬁxed income arbitrage (FIA), global macro (GM), long/short equity
(LSE), managed futures (MF). Flows are computed by Tremont Capital Man-
agement as the change in assets under management net of the return eﬀect,
i.e. fit = Ait − Ait−1(1 + rit). In terms of total assets as of December 2005,
the various styles are so represented in the data set: LSE 32%, ED 17%, GM
11%, FIA 7%, EM 4%, EMN 7%, CA 8%, MF 5%, DSB 1%. The database also
contains quarterly net returns for the same categories. The number and impor-
tance of the hedge funds monitored by Tremont Capital Management are very
large. The value of total assets reported at the end of 2005, see Tremont (2006),
is equal to $813 billions, more than 50% of the total assets under management
estimated for the hedge funds industry.
The returns to the option-based strategies are computed from prices re-
trieved from the Black- Scholes model. At the beginning of each quarter, calls
and puts, both at-the-money and out-of-the-money, are evaluated by means of
a Black-Scholes model fed by a volatility computed from the realized volatility
of the previous quarter. The realized volatility is estimated by means of the
daily data of the underlying. This approach does not assume the validity of a
speciﬁc econometric model, like GARCH, and has been proposed and justiﬁed
in various papers.10
The options have an initial life of 4 months when bought, and are sold at the
end of the quarter, when their remaining life is equal to one month. Following
Agarwal and Naik (2004), at-the-money options are characterized by a value
of the underlying equal to the present value of the strike price, while the out-
of-the-money call (put) options are characterized by a ratio of 0.99 (1.01). We
extend the approach of Agarwal and Naik (2004) by computing returns of option
strategies on several underlying markets, while Agarwal and Naik (2004) only
consider the stock market. In particular, we consider the returns to option
strategies on the bond market (where the underlying is the Citigroup weighted
Government bond index11), the commodity market (where the underlying is
the Goldman Sachs Commodity Index, GSCI), and the currency market (where
the underlying is the DM/US$ exchange rate). Therefore, our model is also
an extension of the seven-factor model of Fung and Hsieh (2004), which only
includes options on bonds, commodities and currencies.
10See for instance Andersen, Bollerslev, Diebold and Labys (2001).
11The Datastream code for this latter variable is CGBI WGBI US ALL MATS - TOT
RETURN IND.
104 Empirical results
In Table 1 we report some summary statistics for the performance of the funds
and the (relative) ﬂows. As shown by the Normality tests reported in Table 1,
the assumption of Gaussian state space model seems to be appropriate for all
the funds according to the Kolmogorov-Smirnov test, with the few rejections
detected by the Bera-Jarque test being possibly due to serial correlation.
The quarterly average performance of the various categories over the period
1994:1-2005:4 is generally positive, apart from DSB. When positive, the average
performance ranges between 1.5% (FIA) and 3.3% (GM). Yet, the dispersion
of the return distribution is large, with standard deviations in the range 1.8%-
10.4%. As expected, particularly high is the volatility of the directional funds,
while the volatility of non-directional strategies is much lower. Of interest is
also the minimal and maximal quarterly performance of the funds, the former
ranging between -30.4% (EM) and -2.9% (EMN), and the latter between 4.8%
(FIA) and 28% (EM). The relative ﬂows are closer to normality. Their means
over the sample are all positive, except for one case, but very diﬀerent. Hedge
funds belonging to EMN have a mean percentage increase of 6.1% a quarter,
while funds belonging to EM have a 3% growth. Also the volatility is very
diﬀerent, with funds belonging to LSE showing a minimum volatility (3.4%).
The estimates of the econometric model are reported in Table 2. Robust
standard errors have been computed using Monte Carlo simulation.12 There is
no evidence of serious misspeciﬁcation, even though there is rejection of nor-
mality for the ﬂow equation for EM, EMN, FIA, GM, LSE, and MF, and for
the return equation for DSB and FIA. Moreover, apart from the ﬂow equations
of EM and FIA, there is no evidence of ARCH eﬀects. This is compatible with
our use of quarterly data, a frequency for which very often one does not ﬁnd
evidence of correlated volatility shocks even for standard markets like stocks,
bonds and currencies. The estimated transition matrices also signal that the
latent VAR(1) structure is appropriate for the various series. Most of the esti-
mated coeﬃcients are in fact statistically signiﬁcant, pointing to bidirectional
linkages between returns and ﬂows.
12Monte Carlo simulation has been performed following Prichard and Theiler (1994). The
approach is semiparametric and amounts to the generation of simulated data, which preserve
the same mean, variance, covariance, correlation, autocorrelation and cross-correlation prop-
erties of the actual data, through randomization of the phase of the Fourier Transform (FT)
of the series. In practice the FT of each couple of series is computed, and a random number
uniformly chosen within the interval [0,2π) is added to the phase diﬀerences for the related
series at each frequency. In order to preserve the cross correlations, the same random number
must be added to the phase of the related series. Then, the time domain version of the simu-
lated data are obtained by means of inverse FT. The advantage of the procedure, relative to
the standard parametric simulation, is not requiring the actual speciﬁcation of the parametric
model from which the data can be simulated. This is particularly important in the current
framework, since in the light of the unobserved alphas, the data generating mechanism can
not be accurately speciﬁed. A detailed description of the procedure can be found in Prichard
and Theiler (1994). For comparison, jack-knife standard errors have also been computed.
Since the two methods lead to the same results in terms of the statistical signiﬁcance of the
estimated parameters, only Monte Carlo standard errors have been reported in the tables. A
full set of results is available upon request to the authors.
11In view of the analysis and the results of Getmanski, Lo and Makarov (2003),
it is important to notice that in none of the cases there is evidence of autocor-
relation in the residuals. Getmanski, Lo and Makarov (2003) discuss several
reasons why one might expect autocorrelation in hedge fund returns. Among
these, of particular importance are the fee structure of hedge funds and the
presence of illiquid securities in their portfolios. In the words of Getmanski, Lo
and Makarov (2003), the fee structure, based on the combination of large incen-
tive fees and the high-water mark mechanism, “can induce serial correlation in
net-of-fee returns because of the path dependence inherent in the deﬁnition of
the high-water mark”. On the other hand, the presence of illiquid securities is
usually associated with various return smoothing devices (like linear extrapola-
tion of prices for thinly traded securities and sometimes performance-smoothing
behavior), which cause autocorrelation in returns. Getmanski, Lo and Makarov
propose an MA(3) structure to allow for such correlation or, alternatively and
less eﬃciently, the inclusion of lagged returns in the performance evaluation
equation. Our ﬁnding of no autocorrelation in quarterly returns suggest that
none of these eﬀects is relevant at the quarterly horizon. This is completely
coherent with the ﬁndings of Getmanski, Lo and Makarov (2003) who ﬁnd an
MA(3) structure working with monthly returns. Liquidity and fee eﬀects are
therefore important within the quarter but are not so large to inﬂuence quarterly
returns. This implies that our results on time-varying alphas, to be described
next, cannot be explained by neglected liquidity and fee eﬀects.13
In addition, alphas, estimated as the ﬁrst unobservable variable in the model,
are in general positively serially correlated, as shown by the estimated values
of the parameter θ3. Alphas are not signiﬁcantly autocorrelated for LSE, and
negatively correlated for DSB, FIA and GM . Flows are positively serially cor-
r e l a t e di na l lo ft h ec a s e s( θ6). The impact of the lagged ﬂow component on
the alphas (θ4) is negative only in four out of nine cases (CA, ED, FIA, LSE),
positive in four cases (DSB, EMN, GM, MF) and not signiﬁcant in one case
(EM). It is noteworthy that the impact of ﬂo w so ne x c e s sr e t u r n si sn e g a t i v e
for some of the most well-known non-directional strategies, i.e. convertible ar-
bitrage, event driven and ﬁxed income arbitrage, for which the excess capacity
hypothesis is more plausible. The impulse response function analysis plotted
in Figure 5 and discussed in the ﬁnal part of this section gives an indication of
the dynamics of alphas following relative ﬂow shocks for many future periods.
The positive dependence of ﬂows on lagged excess returns is signiﬁcant in all of
the cases. Investors therefore choose hedge funds by correctly looking at past
excess returns.
13Moreover, in order to corroborate our speciﬁcation, according to which relative inﬂows
depend on past returns only, we have also assessed the relevance of the square of lagged returns
for future returns. Some literature, described in the second section, has found quadratic terms
to be relevant to explain relative inﬂows into individual hedge funds. It would therefore be
conceivable to ﬁnd a convex relation between past returns and ﬂows also at the aggregate
level. However, the quadratic term is relevant for none of our nine hedge fund categories at
the 5% signiﬁcance level. This reinforces our choice of considering a simple linear relation
between returns and inﬂows.
12From the estimated covariance term in the variance-covariance matrix (θ8)
for the measurement equation residuals it is possible to conclude that contem-
poraneous linkages also characterize ﬂows and returns. The contemporaneous
impact of ﬂows on returns is positive in four out of nine cases (EM, EMN, GM,
MF), negative in two cases (DSB, LSE), and not statistically signiﬁcant in the
remaining three cases (FIA, ED, CA). The contemporaneous relation between
ﬂows and returns is therefore weaker than the lead-lag eﬀects previously doc-
umented. This is not surprising given the long time lags associated between
decisions to invest in hedge funds and actual investment.
Concerning the statistical signiﬁcance (10% level) of the risk factors, from
Table 2 (Panels C and D) it is possible to note that the risk factors in general
tend to be statistically signiﬁcant. The exceptions are the size factor for CA,
the emerging markets factor for DSB, the put option on the S&P for DSB, the
momentum factor for EMN and MF, the DM/US$ exchange rate and the call
option on the DM/US$ exchange rate for GM, and the call options on bonds
for MF.
We have also tested for the time variability of the sensitivities to the risk
factors by means of a likelihood-ratio test, which allows for a direct compari-
son of time-varying parameter and constant parameter models. The estimated
time-varying parameter model allows for random walk dynamics in the factors
parameters. Although it may be argued that a stationary speciﬁcation for the
transition dynamics may be more appropriate, we had to resort to the non sta-
tionary representation for lack of degrees of freedom14. The results of the test
favor the constant parameter model, since the p-value of the test (computed as
in Davies, 1987) in none of the cases points to rejection of the null at the 1%
signiﬁcance level, albeit for EM and LSE the null of stability is very close to
rejection.15
Figure 1 reports the estimated smoothed alphas for the 9 hedge fund cate-
gories, obtained from the ﬁrst element of the vector γ∗
t. The picture compares
the estimates of the alphas obtained from both the ﬁxed and the time-varying
factor sensitivity coeﬃcients. There are two remarkable features. Firstly, the
alphas may sometimes be negative. This is not inconsistent with the theory
and with the empirical results reported by Fung et al. (2005). In various quar-
ters the overall shocks which have hit ﬁnancial markets have not been properly
absorbed by the strategies of hedge funds, producing negative ex post excess
returns. Most styles have suﬀered during the Summer and Autumn of 1998,
particularly in the case of EM, ED, FIA, GM, LSE and MF. Many style have
also suﬀered in 1994, i.e. CA, EM, ED FIA, GM, LSE, and MF. Some styles
14For instance, for the case of MF and GM we would otherwise have had more parameteres
than observations.
15In order to control for the non standard asymptotic distribution of the LR test when the
parameters under testing are present only under the alternative, as in the case at hand, an
upper bound for the signiﬁcance of the test has been computed following Davies (1987). The
corrected p-values of the LR test are as follows: 1.000 for CA, DSB, EMN, ED, GM, MF ;
0.16 for FIA; 0.01 for EM and LSE. For reason of space we do not include detailed results
concerning the stability tests and the estimated time-varying parameter models, which are
however available upon request from the authors.
13show some speciﬁc negative shock, i.e. CA in 2004, DSB in 2000-2003, EM and
FIA in 1999, GM in 1999 and 2000, LSE in 2001 and 2002.
The second remarkable feature of our results is the absence of any trend in
most of the categories. We do not ﬁnd any evidence of a slow down in proﬁt
opportunities for most of the hedge funds categories. Rather, we ﬁnd clear cycles
of proﬁtability. The alpha of convertible arbitrage hedge funds declined for most
of the 2000-2004 period but has started to recover in 2005. For dedicated short
bias hedge funds the alpha declined for most of the sample period but has started
to increase from 2003. The contrary happens to emerging market hedge funds
which reached their peak in proﬁtability around 2003 to decline in the second
part of the sample. Equity market neutral hedge funds are perhaps the only
category showing a prolonged period of declining alpha after the steep rise of
the mid-1990s, albeit a recovery in proﬁtability can be noted since 2005. Event
driven hedge funds show very short cycles in alpha. The decline which started
in 2003 is not new: similar episodes took place in mid-1990s and around 2000.
Fixed income arbitrage also shows a decline (in the context of overall stability),
but a similar movement already took place in the second half of the 1990s.
Global macro hedge funds show a recent decline following a strong increase
between 2000 and 2003. Long short equity funds produce a rather constant
alpha, while managed futures show ample cycles of changing alpha.
The broad stability of the excess returns is not inconsistent with the negative
impact of ﬂows on excess returns uncovered for CA, ED, FIA and LSE. In fact,
one could expect that a long period of positive relative ﬂows be associated with
a long period of declining alphas. However, the evidence is not consistent with
this view. Positive relative ﬂows have gone together with cycling alphas as
well as a negative short run eﬀect of ﬂows on alphas. This evidence can be
reconciled with our econometric estimates if ﬂows determine a small portion of
the variability of excess returns. This is indeed the case. We have computed
the partial coeﬃcient of determination from a regression of the expected excess
returns on the expected lagged ﬂows and expected excess returns and have
found that for three out of four cases where there is a negative impact of ﬂows
on returns the partial R2 attributable to past ﬂows are small, i.e. 23% for
convertible arbitrage, 0.1% for ﬁxed income arbitrage and 22% for long short
equity. Only in the case of event driven the ﬁgure is as large as 73%.
Therefore, only in the case of Event Driven hedge funds there is strong
impact of the variability of ﬂows on the variability of excess returns, coherent
with the econometric results. Figure 2 shows that the recent increase in ﬂows
has been parallel to a decline in excess returns. An independent veriﬁcation
of this relation between relative ﬂows and alphas for Event Driven comes from
an analysis of the relation between the time series of estimated alphas and the
total yearly value of mergers and arbitrage. FactSet-Mergerstat provides the
total annual value of worldwide mergers and arbitrage. Such a value can be
thought of as the main “raw material” for the supply of arbitrage opportunities
to hedge funds in the Event Driven category. The ratio between the assets under
management of Event Driven hedge funds and the total value of mergers and
acquisitions may be a better proxy for competition for alpha among managers.
14This ratio was equal to 3.2% in 1995 and to 13.8% in 2005, a dramatic proof
of the interest shown by hedge funds in this investment style. The correlation
between the lagged value of such a ratio and the annual average alpha estimated
from our econometric model is equal to -27%; the correlation between the ﬁrst
diﬀerence of the ratio and the annual average alpha is -32%. Both measures are
coherent with our econometric model.
In Figures 3-6 we have plotted the impulse response functions of returns
and ﬂows to orthogonal unitary return and ﬂow shocks, with 95% signiﬁcance
bands. As is shown in Figures 3 and 4 the largest eﬀects of the own shocks
are contemporaneous. Over time the eﬀects of shocks then tend to disappear
monotonically, also coherent with the stationarity of the return and ﬂow series.
Apart from MF and EMN, the impact of shocks is never statistically signiﬁcant
after ten quarters. In Figures 5 and 6 the eﬀects of a ﬂow shock on returns and
of a return shock on ﬂows are plotted. The eﬀects of a ﬂow shock on returns
tend to quickly disappear over time, showing however a non monotonic pattern.
In all of the cases the peak is reached between two and four quarters. The
eﬀects of shocks tend to disappear within 10 quarters, although they the can
last longer in some cases (CA, EMN, MF, ED). Coherent with the estimated
state space models, the eﬀects of a ﬂow shock is negative in only four out of nine
cases (CA, ED, FIA, LSE). Moreover, a return shock has in general a positive
transitory eﬀect on ﬂows growth, albeit a negative impact is found for EMN.
Finally, as shown in Table 3, returns tend to be largely aﬀected by the
own shock, while both the returns and ﬂows shocks are important to explain
ﬂuctuations in ﬂows at all the horizons (1 quarter - 5 years). In fact, while the
returns shock tends to explain between 77% and 100% of returns ﬂuctuations
over all the horizons, the percentage of ﬂows variance explained by the ﬂows
shock ranges between 30% and 80%, suggesting that innovations in returns are
more important to determine ﬂuctuations in ﬂows than the other way around.
Moreover, the importance of returns innovations for ﬂows ﬂuctuations seems to
increase with the forecast horizon, with ﬂuctuations being in generally explained
by both returns and ﬂows innovations already starting from the one year horizon.
5C o n c l u s i o n s
In the paper we have studied the linkage between ﬂows and excess returns for
nine categories of hedge funds over the period 1994:1-2005:4. The key ques-
tion we tried to answer was whether we are in a phase of excess capacity and
declining alphas. To this aim we introduced an unobserved components model,
with exogenous risk factors, which allows to model the interaction between ﬂows
and returns at diﬀerent horizons. Overall, our ﬁndings can be summed up as
follows. Firstly, there is evidence of shock persistence in ﬂows and returns, i.e.
both processes are positively serially correlated. Secondly, ﬂows tend to depend
positively on lagged excess returns, while excess returns tend to depend neg-
atively on lagged ﬂows mainly for the arbitrage oriented strategies. Thirdly,
15the eﬀects of returns and ﬂows shocks peak between two and four quarters and
are in general reabsorbed within ten quarters. Fourthly, returns shocks are the
most important determinant of returns ﬂuctuations at all the horizons, notice-
ably contributing to ﬂows ﬂuctuations at all the horizons as well. Finally and
most importantly, our results are not consistent with the view of a decline in
the excess returns produced by the hedge funds industry: the impact of ﬂows is
not so strong to obscure the relevance of other factors which maintain open op-
portunities for hedge funds to perform proﬁtable strategies. Hence, our results
do not support the view according to which an excess supply of arbitrage cap-
ital exhausts the set of available opportunities. The wide variety of real world
investors, including noise traders and investors with heterogenous time horizons
and objectives, seems to provide plenty of opportunities for hedge funds man-
agers to exploit: the limits of arbitrage do not seem to have been met yet. Of
course we have obtained our results on the basis of an admittedly short sample.
Future analyses might use more observations and change some of the results.
Yet, we are conﬁdent that the econometric methodologies employed deliver re-
liable results, which are also intuitive and coherent with sound economics.
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18Table 1, Panel A: Summary statistics, returns
CA DSB EM EMN ED FIA GM LSE MF
mean 2.100 −0.147 2.357 2.384 2.762 1.544 3.343 2.954 1.727
std.dev 3.217 9.674 10.387 1.774 3.545 2.052 5.552 5.578 5.934
sk −0.540 0.039 −0.432 −0.216 −2.532 −1.040 −0.415 1.322 0.305
ek 0.377 −0.586 1.821 0.230 9.912 0.917 0.604 3.940 −0.063
NBJ 0.270 0.705 0.017 0.787 0.000 0.006 0.197 0.000 0.686
NKS 0.517 0.458 0.707 0.571 0.883 0.677 0.753 0.670 0.467
min −7.350 −21.56 −30.35 −2.930 −14.69 −4.720 −10.290 −7.350 −10.77
max 9.420 20.77 28.29 5.820 8.170 4.760 16.080 25.71 15.77
Table 1, Panel B: Summary statistics, relative ﬂows
CA DSB EM EMN ED FIA GM LSE MF
mean 5.704 4.752 2.997 6.112 4.158 5.239 −0.218 3.131 3.832
std.dev 7.638 9.102 5.824 7.977 4.079 9.005 5.416 3.409 6.152
sk 0.051 0.396 0.084 2.082 0.244 3.486 −0.585 3.148 1.092
ek −0.557 1.325 1.134 6.411 0.094 17.78 2.209 15.23 0.820
NBJ 0.726 0.092 0.269 0.000 0.782 0.000 0.002 0.000 0.004
NKS 0.540 0.617 0.562 1.086 0.785 1.449∗ 0.646 1.222 1.012
min −9.580 −17.59 −12.05 −4.800 −4.050 −9.560 −20.01 −2.410 −5.010
max 21.75 32.15 20.00 41.30 13.57 55.59 10.62 21.55 20.79
The table reports summary statistics for quarterly funds’performance (Panel
A) and relative ﬂows (Panel B) over the period 1994:1-2005:4. NBJ and NKS are
the p-values of the Bera-Jarque test and the value of the Kolmogorov-Smirnov
normality test (∗ denotes rejection at the 5% level). The following categories
of hedge funds have been considered: convertible arbitrage (CA), dedicated
short bias (DSB), emerging markets (EM), equity market neutral (EMN), event
driven (ED), ﬁxed income arbitrage (FIA), global macro (GM), long/short eq-
uity (LSE), managed futures (MF).
19Table 2, Panel A: estimated parameters







































































































































































20Table 2, Panel B: estimated parameters









































































































































21Table 2, Panel C: estimated parameters



























































































22Table 2, Panel D: estimated parameters














































































































The table reports the estimated parameters with jack-knife standard errors in
































































. The risk factors are as follows: MSCI Emerg-
ing Markets index (em), Carhart Momentum (m), Fama-French SMB (s), Fama-
French HML (v), S&P500 index (S&P), Lehman high-yield bond index (hy),
Lehman BAA index (baa), Citigroup weighted 1-3-year Government bond in-
dex (b), Goldman-Sachs commodity price index (c), DM/US$ exchange rate (e),
butterﬂy strategy computed by means of Citigroup World Government bond in-
dexes for maturities 1-3 years, 3-5 years, and 7-10 years (bu), call (ci) and put
(pi) options on the S&P500 (i = S&P), Citigroup weighted 1-3-year Gov-
ernment bond index (i = b), Goldman-Sachs commodity price index (i = c),
DM/US$ exchange rate (i = e), MSCI Emerging Markets index (i = em). The
sample period is 1994:1 through 2005:4. The following categories of hedge funds
have been considered: convertible arbitrage (CA), dedicated short bias (DSB),
emerging markets (EM), equity market neutral (EMN), event driven (ED), ﬁxed
income arbitrage (FIA), global macro (GM), long/short equity (LSE), managed
futures (MF). BIC is the Bayes-Schwartz information criterion, AR(1-4) is the
Lagrange Multiplier test for serial correlation up to the 2nd order, ARCH(1)
is the Lagrange Multiplier test for ARCH eﬀects up to the 1st order, NBJ is
the Bera-Jarque normality test. For the diagnostics the ﬁrst row refers to the
return equation, while the second row to the ﬂow equation.
24Table 3, Panel A: forecast error variance decomposition, returns






















































































Table 3, Panel B: forecast error variance decomposition, ﬂows






















































































The table reports the forecast error variance decomposition for quarterly
funds’performance (Panel A) and relative ﬂows (Panel B). The following cate-
gories of hedge funds have been considered: convertible arbitrage (CA), dedi-
cated short bias (DSB), emerging markets (EM), equity market neutral (EMN),
event driven (ED), ﬁxed income arbitrage (FIA), global macro (GM), long/short
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Figure 1: Smoothed unobserved component for returns from the constant
parameter model (c) and the time-varying parameter model (tv) (convertible
arbitrage (CA), dedicated short bias (DSB), emerging markets (EM), equity
market neutral (EMN), event driven (ED), ﬁxed income arbitrage (FIA),
global macro (GM), long/short equity (LSE), managed futures (MF)).
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Figure 3: impulse responses of returns to returns’ shock (convertible arbitrage
(CA), dedicated short bias (DSB), emerging markets (EM), equity market
neutral (EMN), event driven (ED), ﬁxed income arbitrage (FIA), global macro















































Figure 4: impulse responses of ﬂows to ﬂows’ shock (convertible arbitrage
(CA), dedicated short bias (DSB), emerging markets (EM), equity market
neutral (EMN), event driven (ED), ﬁxed income arbitrage (FIA), global macro











































Figure 5: impulse responses of returns to ﬂows’ shock (convertible arbitrage
(CA), dedicated short bias (DSB), emerging markets (EM), equity market
neutral (EMN), event driven (ED), ﬁxed income arbitrage (FIA), global macro
















































Figure 6: impulse responses of ﬂows to returns’ shock (convertible arbitrage
(CA), dedicated short bias (DSB), emerging markets (EM), equity market
neutral (EMN), event driven (ED), ﬁxed income arbitrage (FIA), global macro
(GM), long/short equity (LSE), managed futures (MF)).
31